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ABSTRACT

Embryonic survival after administration of oxytocin
(OT) was examined in 42 beef cows.

All cows were bred by

natural service and artificial insemination (Day 0)

following synchronization of estrus.

Cows were randomly

assigned to receive 25 ml saline (CON; n = 10), ICQ lU OT +
20 ml saline (OT; n = 12), 100 lU OT + 1 g flunixin

meglumine (OT+FM; inhibitor of prostaglandin endoperoxide
synthase; n = 10), or 100 lU OT + lutectomy (OT+LUT; n = 10)
administered i.m. at 0600, 1400, and 2200 h on Days 5-8
after mating.

Lutectomies were performed by transrectal

digital pressure at 0600 h on Day 5.

All cows were fed 4

mg/hd/d of melengesterol acetate through Days 3-30 and were
bled by jugular venipuncture at 0600 and 0700 h on Day 5 for
determination of 13,14-dihydro-15-keto-PGF2a (PGFM).
Additionally, CON, OT and OT+FM cows were bled daily during
their respective treatments and every other day from Days 917 for determination of progesterone (P4) .

Pregnancy rates

were determined by transrectal ultrasonography at Day 30.

Pregnancy rates were reduced in OT (33.3%) and OT+LUT
(30.0%) groups compared to CON and OT+FM (80.0%; P = .03).
Progesterone did not differ between groups during the
iv

treatment period; however, the OT group tended to have lower
P4 (1.7±.2 ng/ml) compared to CON (2.5±.3 ng/ml) from Days
9-17 (P = .05).

Number of short cycles were increased in OT

(n = 6/12) group compared to CON (n = 0/10; P = .009) and
OT+FM (n = 1/10; P = .045).

Mean changes in PGFM from the

0600 to 0700h bleed were different (P = .01) between the

OT+LUT (31.6±11.0 pg/ml) group and CON (-11.2±10.6 pg/ml)
and OT+FM (-13.8±10.6 pg/ml) groups.

Administration of

oxytocin appears to decrease embryonic survival by
stimulating uterine PGFj^.

These data confirm previous

reports indicating that removal of the corpus luteum during
progestogen supplementation and prior to PGFje,
administration increases embryonic survival through

interruption of the luteal oxytocin-uterine PGFjc feedback
loop.
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INTRODUCTION

Reproductive Inefficiency

Current estimates indicate the presence of 1.04 billion

(USDA, 1994) head of cattle in the world with 103.2 million
in the United States.

Eller (1995) estimated total cow

numbers to be 36.0 and 9.5 million in the beef and dairy
industries, respectively.

For a beef cow to be profitable, she must produce a

calf every 365 days and conceive within 85 days after

parturition (Peters, 1984).

Conception rates and length of

postpartum anestrus are influenced by nutrition, season,
breed, age, calving difficulty, lactational status and
disease. It has been estimated that the annual calf crop in
the U.S. is 65-81% (Bellows et al., 1979).

The annual calf

crop for the state of Tennessee has been estimated to be 75%
(James B. Neel, personal communication).

Increasing the

calf crop to 85% is projected to produce an annual savings
of $558 million in the United States (Gerrits et al., 1979).
It has also been estimated that it cost $1.1 billion

(Inskeep and Peters, 1982) to winter non-pregnant cows.
Oxytocin Use in the Real World
Establishment and maintenance of pregnancy may be

affected by environmental and pharmaceutical factors which,
are areas of concern for producers.

Administration of

exogenous oxytocin (OT), which increases concentrations of
PGF2„ (Newcomb et al., 1977), is used extensively by some
dairies to increase milk letdown and may result in shortened

estrous cycles (Farin and Estill, 1993). However, studies
involving fertility in these animals (Farin and Estill,
1993) have not been found in the literature.

Oxytocin,

provided for the first 12-14 d of pregnancy in ewes, reduced
pregnancy rates to 11% compared to 75% in the controls
(Wathes et al., 1991); although these animals were not
provided with exogenous progestogen.
Statement of the Problem

For pregnancy to be established in cattle, the corpus
luteum (CD must be maintained beyond the time of normal

luteolysis (Days 15-19).

The presence of a live embryo in

the uterine horn ipsilateral to the CL and capable of

secreting conceptus proteins during the time of expected

luteolysis is a necessity for CL maintenance (for review see
Bazer et al., 1986; Thatcher et al., 1986).

Possible

reasons for embryonic loss include failure of nojnnal

embryonic development, failure of embryo-derived signals

initiating maternal recognition of pregnancy, or luteal

dysfunction. Embryotoxic factors within the uterine
environment, which destroy the embryo and/or CL, may be
associated with these periods of embryonic loss.

Several studies have been conducted to determine the

exact time of embryonic loss in beef cattle, but results
have been variable.

Numerous studies have indicated the

majority of embryonic loss has occurred prior to Day 18

postmating. Ayalon (1978) reported that the majority of the
embryonic loss occurs on Days 6-7 postestrus, when the
ttiorula is developing into a blastocyst.

Maurer and Chenault

(1983) observed that 67% of embryonic mortality had occurred
or was occurring by Day 8 of gestation.

In contrast, Diskin

and Sreenan (1980) reported the majority of embryonic loss
occurs from Days 16-18.

Reports from previous studies in cows with short luteal

phases indicate that elevated concentrations of PGFze, during
the first eight days of embryonic development reduced the
occurrence of pregnancy (Buford et al., 1996).

In addition,

removal of the regressing CL prevented the detrimental

action of PGF2e, on embryonic survival (Buford et al., 1996).
Buford et al. (1996) reported that administration of PGFj^

from Days 4-7 or 5-8 after mating to normal cycling cows
also provided exogenous progestogen decreased pregnancy
rates, while removal of the regressing CL improved pregnancy
rates.

This finding would suggest that an embryotoxic factor
from the regressing CL, possibly luteal oxytocin (OT), may
be involved in decreasing embryonic survival.

The release

of luteal and/or pituitary OT is believed to be involved in

stimulating PGFje, secretion from the uterus in a positive
feedback loop (Flint et al., 1990; Silvia et al., 1991) and
removal of the regressing CL would interfere in this
relationship.

Higher concentrations of PGFzc in uterine flushings of
cows were related to lower quality of embryos (Schrick et

al., 1993).

Data from mice, rabbits and rats indicated that

PGFja caused fetal death or the inability of the embryo to
develop to expanded/hatched blastocyst (Harper and Skarnes,
1972; Maurer and Beier, 1976; Breuel et al., 1993b).
Flint and Sheldrick (1982) determined that PGFj^,

stimulated release of ovarian OT during luteal regression in
the ewe.

Furthermore, Flint and Sheldrick (1982) observed

an increase in concentrations of OT in the ovarian, utero-

ovarian, and jugular veins of cycling ewes on Days 11 or 12

postestrMS after an injection (125 jug) of cloprostenol, an
analogue of PGFje,.

Release of OT reached a maximum

concentration in the jugular vein within 5-10 min after

PGFjc injection in cattle and then decreased over the next
3-5 hr (Schallenberger et al., 1984).

Furthermore, Buford

et al. (1996) observed increases in OT concentrations within
30 min following PGFje, injection in cattle.

However,

concentrations of OT in lutectomized animals injected with

PGFzc did not differ from those of control animals.
Therefore, the objective of this study was to

determine if oxytocin may be the "embryotoxin" released by

the regressing CL that has detrimental effects on embryonic
survival, possibly acting through the positive feedback loop
to increase uterine PGFjc,.

REVIEW OF LITERATURE

Early Embryonic Development
Ovulation and Oocyte Development

The preovulatory surge of luteinizing hormone (LH)

triggers a series of events that result in ovulation (as
reviewed by Espey, 1994). This process is characterized by
the resumption of meiosis and germinal vesicle breakdown,
the initiation of luteinization of the granulosa and theca,

and the restructuring of the follicle wall, which results in

follicular rupture and the release of a mature ovum (Lipner,
1988).

Following ovulation of the ovulatory follicle, the

oocyte resumes meiosis so that fertilization may occur.

The

maturing oocyte enters the oviduct which provides a proper
environment where sperm capacitation, oocyte maturation,

transport of gametes, fertilization and early embryonic

cleavage can occur (Ellington, 1991).

Four distinct regions

make up the oviduct (infundibulum, ampulla, isthmus and

ampullary-isthmic junction).

These four regions provide

different environments which support specific functions
critical for fertilization to take place (Ellington, 1991).
In the ampulla (body of the oviduct), the oocyte

undergoes the final stages of maturation prior to

fertilization. Sperm are stored and capacitated in the
isthmus of the oviduct, the portion joining the uterus,

prior to fertilization at the ampullary-isthmic junction.
The zygote undergoes cleavage in the distal portion of the
isthmus region until the embryo reaches the 8- to 16-cell

stage, at which time the embryo is transported to the uterus
(Ellington, 1991).

The time required for movement of the embryo through
the oviduct is fairly constant for most species (three to

four days), however, rates of passage through specific
regions of the oviduct differ (Harper, 1988).

It is

estimated that it takes an 8- to 16-cell embryo 96 hours to

reach the uterus after ovulation in cycling cows (Hamilton

and Laing, 1946; Chang, 1952) or 72 hours in superovulated
cows (El-Banna and Hafez, 1970).

In the cow, 2- to 8-cell

embryos can cleave and develop in the oviduct but not in the
uterus (Ellington, 1991).

Rawson et al. (1972) reported

that when cattle had embryos placed into their uteri on -3,
-2, -1, 0, +1, +2 and +3 days out of synchrony of the

recipients, pregnancy rates were 0, 30, 52.2, 91.1, 56.5, 40
and 20%, respectively.

Newcomb and Rowson (1975) reported

similar results, stating that Day 3 (8-cell) embryos were

too immature to survive in the uterus.

Therefore, precise

synchrony is essential between the embryo and uterus for
development and survival of the early embryo.
Morula to Blastocyst Development
It has been estimated that it takes 96 hours for the 8-

to 16- cell embryo to reach the uterus after ovulation
(Hamilton and Laing, 1946; Chang, 1952).

The embryo

increases in cell numbers during the first week with
developmental function switching from the maternal genome to
the embryonic genome, therefore, resulting in the three germ

layers (endoderm, mesoderm and ectoderm).

During the morula

stage, the blastomeres (daughter cells) flatten against each
other to form a rounded embryo and internal cellular
components.

The combined flattening of the blastomeres and

polarization are known as "compaction".

Variability exists

in the rate of compaction among embryos before the 16-cell

stage (Sutherland et al., 1990).

The compaction process is

gradual and may begin as early as the 4-cell stage or as
late as the 16-cell stage, but is normally completed by the

end of 16-cell stage.

Tight junctions form within the

trophoblast layer of 8- to 16-cell mouse embryos when the

blastomeres are in close apposition during the process of

compaction.

The formation of tight junctions provides a

semi-permeable seal that allows fluid to move from the
outside to the inside of the blastocyst without substantial

leakage, and thus allowing the formation of the blastocoele.
This allows the blastocyst to form the inner cell mass, thus

giving rise to the embryo proper and to the trophectoderm or
trophoblast, which forms the chorion (Bazer et al., 1993).
Early Blastocyst to Hatched Blastocyst

The developing blastocyst in the uterus will be hatched
(released) from the zona pellucida 8-11 days postovulation

in the cow.

It appears that the zona loss may involve

expansion and contraction of the blastocyst, at which time,
the zona layer becomes torn by distention of the blastocyst;
although enzymes involved with zona weakening may also play
a role (Bazer et al., 1993).

The zona ruptures on the

equatorial plane, thus allowing the blastocyst to squeeze
between the two edges of the opening.

Biggers et al. (1978)

suggested that prostaglandins (especially E) are involved in
the hatching process in mice, since prostaglandin

antagonists prevent both blastocyst expansion and hatching.

Maternal Recognition

During the process of maternal recognition (Days 1519), the embryo must produce proteins to signal its
existence to the maternal system (as reviewed by McCracken

et al., 1984; Thatcher et al., 1986 and 1995).

This signal

is necessary for corpus luteum (CL) maintenance, production
of progesterone (P4) and continued endometrial development
and secretory activity.

If the embryo fails to signal the

maternal system at the proper time, the CL is terminated by
the luteolytic action of PGF2C from the uterus.
In order for a functional CL to exist and pregnancy to

be maintained, the luteolytic effects of PGFjc must be

blocked. Even though concentrations of PGFjc, in the uterine
lumen are high on Days 16 and 19 of pregnancy (Bartol et

al., 1981), the pulsatile release of PGFjq is inhibited.

The pulsatile secretion of PGFje, (5-8 pulses) occurs around

Days 14-19 after estrus in cattle and has been reviewed in
depth by Thatcher et al. (1986 and 1995).
In cattle and sheep, the trophoblast produces a protein
called bovine trophoblast protein (bTP-1) and ovine

trophoblast protein (oTP-1), respectively.

These proteins

are also known as interferon-tau (IFN-t; Roberts et al.,
10

1992).

Interferon-T is classified as a Type I interferon,

because it has antiviral, immunosuppressive and

antiproliferative biological activities, in addition to
antiluteolytic activity (Bazer et al., 1993).

Interferon-T

is synthesized by the trophectoderm from Days 16-24 of
pregnancy (Thatcher et al., 1989; Roberts et al., 1992).
Interferon-T binds to surface glandular epithelial cells of
the endometrium (Godkin et al., 1982) and prevents the

"pulses" of PGF2C, required for luteolysis by inducing an
intracellular endometrial inhibitor which disrupts the

cyclooxygenase enzyme complex (Gross et al., 1988).
Interferon-T may stabilize P4 receptor and/or prevent
increases in estrogen receptors to inhibit oxytocin receptor

synthesis.

Flint et al. (1989) suggested that INF-t down-

regulated the number of oxytocin receptors in the
endometrium of the uterus, interrupting this loop.

Therefore, preventing oxytocin's ability to stimulate
secretion of prostaglandin.

Fuchs et al. (1990) reported

the endometrium of pregnant cows has fewer oxytocin

receptors on Days 14-21 in comparison to cyclic cows.

In

addition, endometrium of pregnant cows produces an

endometrial prostaglandin synthetase inhibitor (EPSI), which
11

specifically decreases production of prostaglandin (Gross et
al., 1988). Gross et al. (1988) reported that endometrial
supernatant from pregnant cows caused a 50% inhibition of
prostaglandin synthesis, regardless of the amount of
arachidonic acid available.

Timing of Embryonic Loss

The Committee on Reproductive Nomenclature defines

embryonic mortality as any loss which occurs during the
first 42 days of pregnancy.

Luteal dysfunction, failure of

normal embryonic development or lack of embryo-derived

signals initiating maternal recognition are possible reasons
for embryonic loss.

Embryonic loss may also involve toxic

factors in the uterine environment which destroy the embryo
and/or CL.

Ninety to ninety-five percent are accepted
fertilization rates in cattle, but pregnancy rates can be as
low as 50-60% (Sreenan and Diskin, 1983).

The majority of

the studies have shown that most of the pregnancy loss is

occurring in the embryonic period.
Many studies have been performed to attempt to

establish the exact timing of embryonic loss.

Embryonic

loss has been estimated to be between 20 (Ayalon, 1978) and
12

42% (Diskin and Sreenan, 1980).

However, results of these

and similar experiments have been inconsistent. Boyd et al.
(1969) reported an 8% loss before 25 days after artificial
insemination, but Roche et al. (1981) reported a 24%

embryonic loss during the same time period.

Maurer and

Chenault (1983) observed that 67% of the mortality had

occurred or was occurring by Day 8 of gestation.

Similarly,

Ayalon (1978) reported that the majority of embryonic loss
had occurred by Day 8 after estrus in subfertile cows, with
the majority of the loss occurring on Day 7.

In contrast,

Diskin and Sreenan (1980) reported the majority of the loss
occurs between Days 16 and 18 of pregnancy.

In an effort to

appease these differences, Roche et al. (1981) suggested
that a gradual loss occurs between Days 8 and 16 of
pregnancy.

Biosynthesis of Oxytocin and Involvement of PGF
Luteal Oxytocin

Oxytocin is produced and stored in the neurohypophysis
and in large luteal cells (Fields and Fields, 1986) of the
CL in several ruminant animals (reviewed by Flint et al.,

1986; Fuchs, 1987).

The interplay of RGFj^, and OT between

the uterus and CL has been reviewed in depth by Fuchs
13

(1987).

Endogenous pulsatile release of PGFjc from the

uterus on Days 14 and 15 in cycling ewes was followed by

pulsatile secretion of oxytocin on the average of 17 minutes
later (Moore et al., 1986).

Likewise, Flint and Sheldrick

(1983) found that 67% of the endogenous pulsatile release of

PGFja (measured by PGFM), prior to luteal regression in

cycling ewes, was accompanied by increased concentrations of
oxytocin.

Therefore, several reviewers have concluded that

secretion of luteal oxytocin and uterine PGFaa occurs in a

positive feedback loop (Flint et al., 1990; Silvia et al.,
1991).

Several researchers have demonstrated an increased

release of PGFjc after injections of OT, which resulted in
shortened luteal phases in cows (Armstrong and Hansel, 1959;
Newcomb et al., 1977; Milvae and Hansel, 1980) and lower

concentrations of P4 (Milvae and Hansel, 1980; Oyedipe et
al., 1984; LaFrance and Goff, 1985).

Oxytocin provided for the first 12-14 days of pregnancy
in ewes reduced pregnancy rates (Wathes et al., 1991).

Exogenous OT injected in cows for the first 14 days of

pregnancy resulted in only 18 of 43 (41%) maintaining normal
embryos to Day 15 in comparison to 74% of control animals
14

(Staples and Hansel, 1961).

None of the above studies

provided a source of exogenous progestogen during
administration of OT, therefore, preventing the ability to

differentiate pregnancy loss due to an effect of OT or due
to loss of luteal function.

Oxytocin during the Estrous Cycle
Maximal concentrations of OT are stored in the ovary on

Day(s) 11 (Fuchs, 1987) or 11 through 17 (Wathes et al.,
1984) of the luteal phase in the cow.

Concentrations of OT

in plasma from the jugular vein in cycling ewes (Sheldrick
and Flint, 1983b) and cows (Parkinson et al., 1992)
increased from Days 5-15 of pregnancy.

However, Walters et

al. (1984) reported no difference in basal concentrations

and pulse amplitudes of OT in cycling cows in the early
luteal phase compared to mid-luteal phase.

In pregnant ewes

(Sheldrick and Flint, 1983b) and cows (Parkinson et al.,

1992), concentrations of oxytocin were similar to cycling
animals, except that in pregnant animals, oxytocin remained
at low concentrations after maternal recognition and
throughout gestation.

Oxytocin receptor concentrations are elevated in
animals around the period of luteolysis and estrus,
15

increasing on Day 15 in the encLometrium and on Day 17 in the

myometrium (Jenner et al., 1991). Receptor concentrations
decline on Day 3 after estrus in the myometrium and on Day 5
in the endometrium (Jenner et al., 1991).

Parkinson et al.

(1990) reported a positive relationship between estradiol
concentrations and uterine oxytocin receptor levels, while

progesterone is negatively correlated with uterine oxytocin
receptor levels.

In order for spontaneous luteolysis to

occur, the uterus requires a period of P4 priming

(approximately 10 d; Romanics and Silvia, 1988).
Furthermore, P4 inhibits the ability of Estradiol 173 (Ej)
to stimulate OT receptors (as reviewed by Silvia et al.,
1991).

McCracken et al. (1984) suggested that luteolysis

involves the formation of endometrial OT receptors induced

by a pulse of Ej such that a positive feedback loop can
occur.

Following P4 exposure, the receptor for P4 down

regulates itself which causes the formation of OT receptors,
thus allowing for OT to enhance a pulsatile release of

PGFjc,.

Oxytocin receptor levels in pregnant animals are low

at the expected time of luteolysis in the ewe (Sheldrick and
Flint, 1985) and cow (Jenner et al., 1991).

16

Cellular Mechanism of Oxytocin

When OT binds with its receptor in the uterine
endometrium, activation of phospholipase C (PLC) causes
metabolism of phosphotidylinositol phosphate to IP3 and DAG.

The second messengers enhance PGFzc secretion by enhancing

PLA2 activity, which enhances intracellular calcium
concentrations, providing an additional source of
arachadonic acid by metabolism of DAG by DAG lipases or
through the action of PKC (LaFrance and Goff, 1990).
Silvia and co-workers have dissociated the

responsiveness of the PLC signal transduction system from
OT-stimulated PGFjc, release.

Silvia and Raw (1993) observed

no rise in PLC activity from endometrial tissue from cycling

sheep on Days 12, 14 and 16; however, a clear rise in the
OT-stimulated PGFj^ was observed. Furthermore, Silvia et al.
(1994) observed the concentration of OT required to increase
PLC activity was ten times more than that needed to
stimulate PGFja release.

Therefore, OT-stimulated PGFj^ acts

through a mechanism other than phosphotidylinositol-specific
PLC.

Lee and Silvia (1994) demonstrated a stimulator of

PLAj enhanced PGFjq release comparable to that of OT.
Aristocholic acid (PLAj inhibitor) blocked the rise of PGFj^
17

secretion by OT and PLAj,- however, blocking PLAj only
inhibited OT-induced release of arachidonic acid by 22% (Lee

and Silvia, 1994).

Therefore, both PLAj and PLC appears to

regulate PGFjc release.
Effect of PGFjc on the Secretion of OT
Flint and Sheldrick (1982) determined that PGFaa

stimulated release of ovarian OT during luteal regression in
the ewe.

Furthemore, Flint and Sheldrick (1983) observed

an increase in concentrations of OT in the ovarian, utero-

ovarian, and jugular veins of cycling ewes on Days 11 or 12
postestrus after an injection (125^g) of cloprostenol, an
analogue of POFj^.
Release of OT reached a maximum concentration (701

pg/ml) in the jugular vein within 5-10 min and then
decreased over the next 3-5 hr after PGF2„ injection in
cattle (Schallenberger et al., 1984).

Furthermore, Buford

et al. (1996) observed increases in OT concentrations within

30 min following PGFzc injection in cattle.

However,

concentrations of OT in lutectomized cows did not differ
from control animals.

Stormshak et al. (1994) reported maximum concentrations
of OT in bovine luteal tissue were reached between 1.5 and
18

10 min after being exposed to PGFja in vitro.
(1992) observed that 10

Jarry et al.

of PGFzc stimulated the release

of OT from large and small bovine luteal cell in vitro after
six hours of incubation.

Effects of OT/PGF2C, on the Early Embryo

Prostaglandin concentrations are often increased during
uterine manipulation and irritation, normally encountered
with artificial insemination and embryo transfer techniques
(Schallenberger et al., 1989), and heat stress (Malayer et
al., 1990).

Furthermore, exogenous OT is used by some

dairies to increase milk letdown and may result in shortened

estrous cycles (Farin and Estill, 1993).
Prostaglandins have been implicated in both growth of

the embryo and the implantation process in the rabbit (ElBanna et al., 1976; Hoffman et al., 1978).

Hoffman et al.

(1978) observed an inhibition on embryonic growth with

indomethacin (cyclooxygenase inhibitor) treatment between

Days 4 and 7 of pregnancy.

Indomethacin treatment disrupted

implantation in hamsters, mice and rats (Saksena et al.,
1976; Kennedy, 1977; Evans and Kennedy, 1978; Oettel et al.,

1979).

Furthermore, prostaglandin Ej is needed in the

implantation process in rodents.
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However, Harper and

Skarnes (1972) suggested that increasing concentrations of
PGFje, increased the number of fetal deaths and treatment

with P4 prevented abortion, but not fetal death, in mice.
Likewise, Stormshak and Casida (1965) reported

P4 prevented

abortion, but not fetal death, when estradiol was used to
rescue the CL from LH-induced luteolysis in rabbits.
Schrick and co-workers (1993) observed higher
concentrations of uterine luminal PGFja in cows with short

luteal phases than in those with normal luteal phases.
Those cows with higher concentrations of uterine PGFza also

had lower quality embryos (r=-.42; P=.07).

The significant

deterioration in embryo quality between Day 3 (Breuel et

al., 1993a) and Day 6 (Schrick et al., 1993) in cows with

short luteal phases suggests that the problem is more likely
occurring after the embryo enters the uterus.

Pregnancy

rates in cows were also reduced in the PGFjq-treated animals

(23%) when compared to the controls (72%) when PGFj^ was
administered on Days 5-8 after mating and supplemental

progestogen was provided (Seals et al., 1996).

Pregnancy

rates (55%) did not differ from the controls in cows

administered PGFj^ and lutectomized immediately prior to
initiation of treatment.

Buford et al. (1996) reported
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similar results when the CL was removed in the POFj^,-treated
cows.

Therefore, interrupting the positive feedback loop of

PGF2a and OT by lutectomy may prevent PGF2a-induced embryo
loss.

Inhibitors of Prostaglandin Synthesis

Milvae (1986) reviewed several pathways of metabolism
of arachadonic acid (precursor of prostaglandins).

These

pathways include: 1) the cyclooxygenase pathway that
produces prostaglandins and thromboxanes, and 2) the
lipooxygenase pathway that produces hydroxyacids and
leukotrienes.

Several pathways may lead to the production

of PGF2C, but the cyclooxygenase pathway is the preferred
route.

Several products have proven to be inhibitors of

prostaglandins.

Flunixin meglumine, aspirin and

indomethacin, all inhibitors of prostaglandin endoperoxide

synthase, have been effective in preventing prostaglandin
production through the inhibition of cyclooxygenase (Vane,
1971).

Lacroix and Kann (1982) reported that treatment of
ewes with indomethacin or asprin from Days 8-22 of pregnancy

had no effect on growth of the embryo or timing of

implantation.

However, significant decreases of
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prostaglandins by both the uterus and the embryo were
observed during subsequent culture in vitro.

Treatment with

flunixin meglumine prevented prostaglandin production by
uterine tissue but had no effect on prostaglandin production

from the ovine embryo (G.S. Lewis, personal communication).
Giri et al. (1991) reported that treatment with flunixin

meglumine during the first trimester of pregnancy in cows
prevented the increase in PGFja production and abortion of
the fetus during intravenous infusion of

coli endotoxin.

Johnson et al. (1991) reported animals administered flunixin
meglumine had lower concentrations of PGFM than those that
received no flunixin meglumine.

Buford et al. (1996)

reported pregnancy rates were similar to controls (71%) in
cows administered flunixin meglumine only (71%) and

increased when compared to cows administered PGFje, (20%).
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MATERIALS AND METHODS

General Methods

Forty-two cycling, nonlactating, primiparous and

multiparous cows were randomly allotted to receive saline
(CON), oxytocin (OT), oxytocin + flunixin meglumine (OT+FM),

or oxytocin+lutectomy (OT+LUT) on Days 5-8 after mating
(Figure 1).

Reproductive tracts of the cows were scanned

for soundness (normal uterus and absence of cystic ovaries)

prior to the experiment and all cows were in moderate body
condition (Richards et al., 1986).

Estrus was synchronized with two injections of 25 mg of
PGF^e, eleven days apart (i.m., Lutalyse, The Upjohn Company,
Kalamazoo, MI).

Cows were observed for estrous behavior

twice daily with two Polled Hereford bulls of known

fertility which were rotated daily for maximal estrous
detection.

All cows were artificially inseminated with

semen from a single Holstein bull of known high fertility at
estrus (Day 0) and were also bred by natural service to the
two Polled Hereford bulls.

Furthermore, cows were

inseminated artificially again 12 h after first observed

signs of estrus to remove any "male" effect.
All cows were fed 4 mg/head/day of melengestrol acetate
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Figure 1:
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Experimental Design of the Study

(MGA) at 0600 h beginning 2 days before initiation of their

respective treatments (Day 3) and continued until Day 30
after mating.

All cows were observed at feeding and animals

not consuming the MGA-treated pellets (4 mg/2.2 kg) for 2
consecutive days were removed.

In addition, non-treated

feed was also fed to provide supplemental energy and to

stimulate appetite.

The non-treated and MGA-treated feed (1

mg MGA/lb feed) was in pelleted form (Appendix A; Tennessee
Farmers Coop, Knoxville, TN).

Cows were allowed ad libitum

access to bermuda grass, orchardgrass hay and water during
the entire experiment.

Cows received respective treatments by i.m. injections
at 8 h intervals (0600, 1400 and 2200 h) on Days 5-8 after

mating.

Cows in the CON group (n = 10) received 25 ml of

sterile saline.

The OT group (n = 12) received 100 lU of

oxytocin (5 ml; H. Schein Inc., Port Washington, NY) and 20
ml sterile saline.

Animals in the OT+FM group (n = 10)

received both 100 lU oxytocin (5 ml) and 1 g flunixin

meglumine (20 ml; Schering Corp., Kenilworth, NJ).

At this

dosage, flunixin meglumine, an inhibitor of prostaglandin
endoperoxide synthase, effectively decreases peripheral
concentrations of PGFM for 6 to 8 hours (Guilbault et al.,
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1987; Aiumlamai et al., 1990; Johnson et al., 1992).

Cows

in the OT+LUT group (n = 10) received 100 lU oxytocin (5 ml)
and were lutectomized.

Lutectomies were performed

transrectally at 0600 h on Day 5 prior to treatment.

The CL

was removed by digital pressure with the thumb and

forefinger and dropped into the abdominal cavity.

Lutectomy

was verified by ultrasonography immediately following

lutectomy and progesterone concentrations (P4 < 1.0 ng/ml).
All animals were observed closely for blood loss by

monitoring changes in respiratory rate, evidence of

depression, feed refusal and mucous membrane color of the
vulva every 8 h for the following 24 h.

If evidence of

possible blood loss was apparent, then blood was collected
for a packed-cell volume (PCV) count.

Pregnancy rates were

determined by ultrasonography 30 days after mating by the
presence of an embryo with a heart beat.
Blood Collection and Radioimmunoassays
Blood. Collection

Approximately 12 ml of blood was collected via jugular
venipuncture at the time of injection on Days 5-8 for
determination of 13,14-dihydro-15-keto-PGF2a (PGFM).

Blood

samples were also collected daily from Days 5-9 and every
26

other day through Day 17 to determine length of the luteal

phase as indicated by concentrations of progesterone {P4).
Samples were placed immediately into chilled tubes

containing 200 /xl of sodium citrate solution (25 mg/ml;
Baxter Scientific Products).

Blood samples were then placed

on ice until arrival at the Endocrine Laboratory.

Samples

centrifuged (2500 X g) and plasma harvested and stored
at -20''C until assayed.
Progesterone

Concentrations of P4 in plasma were determined as

described by Plata et al. (1990).

Sensitivity of the assay

was 0.05 ng/tube (100 jul sample volume), with intra- and

inter-assay coefficients of variation of 5.1 and 13.0%,
respectively.
13,14-dihydro-15-keto-PGF2a

Concentrations of PGFM in plasma were determined by the

procedure as described by Silvia and Taylor (1988) with
modifications described by Romanics and Silvia (1989).

Sensitivity of the assay was 15 pg/ml (200 (j.1 sample
volume), with intra- and inter-assay coefficients of
variation of 10 and 12%, respectively .
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Ultrasonography

Ultrasonography was performed with an Aloka 500
ultrasound unit equipped with a 7.5 MHz rectal probe
(Corometrics Medical Systems, Wallingford, CT; Model UST5561-7.5).

Ultrasonography was used to verify loss of the

CL following lutectomy and the establishment of pregnancy by

the presence of an embryo with a heartbeat 30 days after
mating.
Statistical Analysis

Pregnancy data and number of short cycles (proportional
data) were analyzed using Chi-square.

Hormonal

concentrations of P4 and PGFM were compared by analysis of
variance for a completely randomized design with repeated
measures using autoregression utilizing the MIXED procedure
of SAS (1989).

Changes in concentrations of PGFM were

compared by analysis of variance for a split-plot design
with treatment as the main plot and time as the subplot

using the MIXED procedure of SAS (1989).
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RESULTS

Pregnancy Rates

Pregnancy rates at Day 30 were reduced by treatment

with OT (4/12) and OT+LUT (3/10) compared to CON cows (8/10;
p= .03; Figure 2).

Administration of an inhibitor of

prostaglandin endoperoxide synthase, flunixin meglumine
(OT+FM), increased pregnancy rates (8/10) to that of
controls.

Furthermore, the OT+FM group differed from the OT

and OT+LUT groups (p= .03).
Concentrations of P4 and PGFM

Concentrations of P4 (ng/ml) were measured on Days 5-9
and every other day until Day 17 for determination of length
of luteal phase.

Cows in the OT group tended to have lower

P4 (p=.05; Figure 3) compared to CON and OT+FM groups from
Days 9-17.

Animals in the OT group had an increased

incidence of short cycles (P4 < 1 ng/ml prior to Day 14)
when compared to the CON (p=.009) and OT+FM (p=.045; Table
1).

Concentrations of PGFM (pg/ml) were measured at the
initiation of treatments and 60 min later on Day 5 and at

each 8-h period on Days 5-8.

Interestingly, mean changes in

concentrations of PGFM at 60 min after the initiation of
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Figure 2: Pregnancy rates for the experiment. CON=controls, OT+FM=100 lU
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Table 1: Occurrence of short cycles among treatments.

CON=controls, OT+FM=100 lU oxytocin + flunixin megliimine,
OT=100 lU oxytocin.
Treatments differ when letters
differ within column (P < .05).
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6
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treatments were higher in OT+LUT (p=.01; Figure 4) when

compared to the CON and OT+FM.

But no differences (p>.05)

were detected in mean changes in PGFM when compared to the

OT group (Figure 4).

PGFM concentrations during Days 5-8

were reduced in the OT+FM and OT+LUT (p=.0001) groups when

compared to the CON and OT groups (Figure 5).

33

b

1

a.b

bl)

a

20

o
a

a

U)

a

01)

XI

u

CON

OT+FM

OT+LUT

Figure 4: Mean change in PGFM concentrations from 0 to 60 minute bleed on
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.0001).

Pooled SEM = 7.5 pg/ml.
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DISCUSSION

Prostaglandins are often increased during periods of
heat stress (Malayer et al., 1990) and uterine manipulation
and irritation, normally encountered with artificial
insemination and embryo transfer techniques (Schallenberger
et al., 1989).

Furthermore, exogenous OT is used by some

dairies to increase milk letdown and may result in shortened

estrous cycles (Farin and Estill, 1993).

New reports

indicate cows with gram-negative mastitis have increased
milk concentrations of PGFja (reviewed by Cullor, 1990).

Schrick et al. (1993) observed a negative relationship
between uterine concentrations of PGFjq and embryo quality
in cows.

The best evidence that PGFjc is having a

detrimental effect on embryonic survival through the

feedback loop with OT appears to be Buford et al. (1996) and
Seals et al. (1996).

Seals and co-workers (1996)

administered PGFzc on Days 5-8 postmating in cows receiving

supplemental progestogen.

Pregnancy rates were reduced in

the PGFjc-treated animals (23%) when compared to the
controls (72%).

In the PGFj^, plus lutectomized group,

pregnancy rates (55%) did not differ from the controls.
Both of these studies observed an increase in plasma OT
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concentrations within 30 min after PGFjc, administration.

Lutectomy prevented this increase in OT by removal of luteal
tissue.

Therefore, removal of the CL may interrupt the

positive feedback loop of PGFja and OT.

Seals et al. (1996)

reported that pregnancy rates did not differ between the
three groups when PGFjq was administered on Days 10-13 and
15-18, thus in agreement with Ayalon (1978) and Maurer and
Chenault (1993) that majority of the embryonic loss is
occurring by Day 8.

The present experiment was conducted to examine the
direct effects of OT or its indirect effects (stimulation of

uterine PGFjc) on establishment of pregnancy.

Such indirect

effects seemed logical in view of demonstrations by Maurer
and Beier (1976) in the rabbit and Breuel et al. (1993b) in

the rat, that PGFzc inhibited development of embryos in
vitro.

In the present study, the administration of OT
stimulated the release of uterine PGFjc, which agrees with

studies by Fuchs (1987), Flint et al. (1990) and Silvia et
al. (1991).

In return, PGFjc, further stimulated release of

luteal OT (Fields and Fields, 1986; Fuchs, 1987).

The

lutectomy procedure increased concentrations of PGFM by 31.6
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pg/ml in the OT+LUT group, while the OT group had a 11.9
pg/tnl rise in PGFM concentrations.
The administration of flunixin meglumine, with the OT,

decreased PGFM concentrations by 13.8 pg/ml at 60 min
following the initial injection of OT on Day 5.

Overall,

concentrations of PGFM were higher in the CON and OT groups

than OT+FM and OT+LUT groups from Days 5-8.

The reason for

the elevated PGFM concentrations in the CON group may be due

to cows that naturally have increased PGFM concentrations.
Administration of OT decreased P4 levels from Days 9-17

in the OT group when compared to the CON.

These results are

similar to those of Milvae and Hansel (1980).

The

administration of OT increased the incidence of short cycles

(<14 days) in the OT group (6/12) when compared to the CON
(0/10).

Furthermore, administration of flunixin meglumine

with OT prevented the incidence of short cycles in beef
cows.

These results are similar to those of Armstrong and

Hansel (1959) in which administration of OT increased the

incidence of short cycles in cows.

Therefore, the

objectives of the study to increase PGFjc, concentrations in
the presence of OT (OT and OT+LUT) or increase OT levels in
the absence of elevated PGFjc (OT+FM) were met.
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Administration of OT on Days 5-8 postmating in cycling

cows produced regression of the CL as expected (Armstrong
and Hansel, 1959).

Despite replacement therapy with

exogenous progestogen, pregnancy rates were reduced by
treatment of OT (33.3% versus CON 80%).

Similar results

were obtained when lutectomies were performed in conjunction
with OT treatment (30%).

Thus, cycling cows supplemented

with exogenous progestogen and treated with OT on Days 5-8

appear to be a useful model for studies of early embryonic
survival.

The decreased pregnancy rates in cows administered OT
were similar to those reported by Staples and Hansel (1961),
in which cows administered OT for the first 14 days after

mating resulted in maintenance of only 42% of the embryos on
Day 15 of pregnancy compared to 74% of the controls.

In

addition, Wathes et al. (1991) reported that administration
of OT for the first 12-14 days of pregnancy in ewes reduced

pregnancy rates.

None of the animals in these studies were

supplemented with exogenous progestogen, so it was not

possible to determine whether embryonic loss or regression
of the CL occurred first in the termination of pregnancy.

Furthermore, pregnancy rates in cows treated with OT+FM
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were equal to that of the CON cows (80%).

In the present

study, flunixin meglumine exerted no detrimental effects on

embryonic survival in cycling cows as seen previously by
Giri et al. (1991) and Buford et al. (1996).

Lacroix and

Kann (1982) reported that treatment of ewes with

indomethacin or aspirin (also inhibitors of prostaglandin
endoperoxide synthase) on Days 8-22 had no effects on growth
of the embryo or timing of implantation.

The present

results indicate that inhibiting PGFje, production improved

pregnancy rate, thus suggesting PGFjq plays a detrimental
role in embryonic loss.
Administration of OT causes uterine contractions which

may result in improper movement of the embryo in the uterus
(Roberts et al., 1975).

Prostaglandin Fj^ may also be acting

through the actions of OT to cause uterine contractions.
Cooper and Foote (1986) reported that PGFza increased
uterine pressure on Day 7, but had no effect at estrus.
Although, OT treatment resulted in a greater number of
animals displaying estrous activity on Day 7.

Furthermore,

it has been established that flunixin meglumine blocks the

actions of PGFjc,.

It is not clear whether the loss in

pregnancy is a direct affect of PGFjc, on development of the
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embryo or through improper movement of the embryo through
the uterus.

Another possible cause for low embryonic survival in
cows treated with OT/PGFjq could be due to the
vasoconstrictive actions of PGFjc (Clark et al., 1981);

therefore, decreasing blood supply to the uterine
endometrium.

In addition, an embryotoxic factor other than

oxytocin could be released from the CL during its
regression.

These include macrophages (Bagavandoss et al.,

1988, 1990; Hehnke et al., 1994), tumor necrosis factor

alpha (TNFa) and interleukin-l (Brannstrom et al., 1994),
which stimulate production of PGFjc (Pate, 1995) by bovine
luteal cells but do not affect steroidogenesis (Fairchild-

Benyo et al., 1992; Nothnick and Pate, 1990, respectively).
However, the likelihood that these products are responsible

for embryonic loss during luteal regression is not high,
since OT-treated cows which were lutectomized had reduced

pregnancy rates similar to cows treated with OT only.
In conclusion, these data confirm previous reports

indicating that removal of the corpus luteum (and thus

oxytocin) during progestogen supplementation and prior to
PGFjc administration increases embryonic survival through
41

interruption of the luteal oxytocin-uterine PGFjc, feedback

loop.

Furthermore, inhibition of PGFje, with flunixin

meglumine decreased the incidence of embryonic loss.
Therefore, suggesting PGFj^ may have a direct detrimental
effect on embryonic development (Breuel et al., 1993b),

through the increase of uterine contractions (Cooper and
Foote, 1986) causing improper embryonic development, or

vasoconstrictive actions upon the uterine blood flow (Clark
et al., 1981).
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APPENDICES

Appendix A
Ingredients

Processed grain by-products, plant protein products, grain
products, forage products, cane molasses, calcium carbonate,
salt, lignin sulfonate, potassium sulfate, magnesium
sulfate, zinc, oxide, manganese oxide, ferrous sulfate,
magnesium oxide, copper sulfate, cobalt carbonate,

ethylenediamine dihydroiodide, calcium iodate, sodium
selenite, vitamin A acetate, vitamin D-3, vitamin E

supplement and mineral oil.
Guaranteed Analysis

Crude protein (min.)

25.00%

Crude fat (min.)
Crude fiber (max.)
Calcium (min.)

2.50%
9.75%
1.25%

Phosphorus (min.)

0.55%

Salt (min.)
Potassium (min.)

1.30%
1.00%

Vitamin A (min.)
Vitamin D (min.)

5,000 lU/lb
1,500 lU/lb
Active Ingredient

Melengesterol Acetate

2,000 mg/ton
Manufactured By

Tennessee Farmers Cooperative
200 Waldron Road

Lavergne, TN 37086
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